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Summary
Background:  Human  metapneumovirus  (hMPV)  is  an  important  cause  of  both  upper
and  lower  respiratory  tract  infections  (RTIs)  in  all  age  groups.  Children,  elderly,
and  immunocompromised  individuals  are  the  most  affected  groups.  HMPV  infection
accounts  for  5%  of  hospitalized  patients  with  respiratory  tract  infections  in  Kuwait.  It
is  mostly  detected  among  infants  and  elderly  age  groups,  and  both  hMPV  genotypes
A  and  B  circulate  in  Kuwait.
Methods:  In  this  study,  the  genetic  diversity  of  detected  hMPV  was  evaluated,  and  a
phylogenetic  analysis  based  on  partial  nucleotide  and  amino  acid  sequences  of  the
G  gene  was  performed  for  hMPV  detected  among  hospitalized  patients  with  RTIs.
Results:  Our  results  showed  that  62%  of  hMPV  sequences  belonged  to  the  A  genotype
and  38%  to  the  B  genotype.  A2b  and  B2  subtypes  were  detected  and  circulated
during  the  study  period,  whereas  A1  and  B1  subtypes  were  not  detected.  Based  on
nucleotide  sequences  of  the  G  gene,  most  of  hMPV  strains  (57%)  were  clustered
with  Indian  strains,  followed  by  Greek  strains  (24%)  and  Canadian  strains  (14%).  One
strain  (5%)  clustered  within  the  B  genotype  but  had  different  branches  than  B1  and
B2  branches.
Conclusion:  Our  data  showed  the  co-circulation  of  hMPV  genotypes  A2b  and  B2  in
Kuwait  with  genetic  diversity  suggestive  of  evolution  through  negative  selection.
©  2015  King  Saud  Bin  Abdula
Limited.  All  rights  reserved
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5 -ATGGARGYRARAGTRGAGAACATTCG-3 ,
nucleotide position  6283—6309,  and  reverse  primer
hMPVG2R;  5′-CATGADCCAATTGCATTRGTYTCACT-3′,
nucleotide position  6645—6667),  2 l  RNase-freehylogenetic  analysis  of  hMPV  
ntroduction
uman  metapneumovirus  (hMPV)  is  a  single  non-
egmented  negative-stranded  RNA  enveloped  virus
hat belongs  to  the  order  Mononegavirales  in  the
aramyxoviridae  family  and  Pneumovirinae  sub-
amily. It  was  discovered  in  2001  in  the  Netherlands
n children  with  acute  lower  respiratory  tract  infec-
ions (RTIs),  and  since  then,  it  has  been  recognized
s an  important  viral  respiratory  pathogen  causing
oth upper  and  lower  RTIs  in  all  ages  and  in  all
eographical areas  [1—5]. The  hMPV  RNA  genome
s approximately  13  kb  in  length,  encoding  nine
roteins  in  the  order  3′-N-P-M-F-M2-1/M2-2-SH-G-
-5′ [6,7].  Among  them,  the  fusion  (F)  and  the
lycosylated (G)  proteins  are  the  two  major  trans-
embrane  glycoproteins,  and  both  can  stimulate
he production  of  protective  immune  responses  and
herefore  are  antigenically  signiﬁcant  [8].  The  F
rotein is  the  most  conserved  protein  among  hMPV
solates,  whereas  the  G  protein  is  the  most  genetic
nd antigenic  variable  protein  [9,10].
Based on  genetic  analysis  of  the  hMPV  N,  M,
, G,  and  L  genes,  hMPV  was  divided  into  two
ajor groups  A  and  B,  and  further  subdivided  into
ve subgroups  known  as  A1,  A2a,  A2b,  B1,  and  B2
9,11—15].  The  percent  of  identity  of  the  F pro-
ein at  the  amino  acid  level  between  hMPV  groups
 and  B  is  95%  [9].  However,  the  percent  of  iden-
ity between  the  two  groups  A  and  B  of  hMPV  for
he G  gene  is  only  53%  [13]. Accordingly,  because
f the  high  diversity  antigenetically  and  genetically
hown for  the  G  gene,  it  has  mostly  been  used  for
MPV  typing  and  in  phylogenetic  analysis  studies
9,16—23].  In Kuwait,  hMPV  infection  was  detected
mong 5%  of  hospitalized  patients  with  RTIs,  affect-
ng mostly  infants  and  the  elderly.  In  addition,  both
MPV-A  and  B genotypes  were  detected  and  circu-
ated  in  the  same  season  [24,25].  However,  in  our
revious  studies,  hMPV  sequencing  was  performed
n the  N  gene,  where  not  all  detected  hMPV  strains
ould  be  typed.  In  addition,  discrepancies  in  hMPV
enotyping  were  detected  in  33%  of  hMPV-positive
atients between  the  direct  sequencing  of  a  partial
 gene  sequence  and  the  INFINITI  RVP-Plus  microar-
ay assay  based  on  a  partial  F  gene  sequence  [25].
To obtain  an  epidemiological  view  about  the  cur-
ent situation  of  hMPV  infection  in  Kuwait,  it  was
mportant  to  trace  the  origin  of  hMPV  in  Kuwait
nd determine  the  extent  of  diversity  in  circu-
ated hMPV  strains  detected  among  hospitalized
atients with  respiratory  tract  infections.  Accord-
ngly,  this  study  was  conducted  to  deﬁne  the  genetic
iversity  of  the  circulated  hMPV  strains  by  per-
orming a  phylogenetic  analysis  of  partial  hMPV  G
equences.449
aterials and methods
tudy group
 total  of  21  hMPV-positive  respiratory  specimens
ere identiﬁed  during  the  years  2009—2011  in
he clinical  Virology  Unit  of  the  Mubarak  Al-Kabir
ospital, as  described  previously  [24]. Those  hMPV-
ositive specimens  were  obtained  from  hospitalized
atients  with  upper  or  lower  respiratory  tract
nfections (10  males  and  11  females).  Most  of  hMPV-
ositive patients  were  infants  less  than  two  years
f age  (n  = 14),  followed  by  elderly  patients  aged
0 years  and  above  (n  =  4),  and  then  children  aged
rom two  to  17  years  (n  = 3).  Out  of  21  hMPV-positive
atients, 17  were  from  the  ICU,  whereas  four  were
rom different  hospital  wards.  The  types  of  respi-
atory specimens  received  from  the  hMPV-positive
atients were  six  nasopharyngeal  aspirate,  six  tra-
heal aspirate,  ﬁve  endotracheal  tube  secretions,
hree nasopharyngeal  swab,  and  one  throat  swab.
NA sequencing of partial hMPV G gene
 385-bp  sequence  of  the  G  gene  was  ampliﬁed  by
ested RT-PCR.  The  ﬁrst  RT-PCR  step  was  performed
sing SuperScriptTM III  One-Step  RT-PCR  System  with
latinum® Taq  High  Fidelity  reagent  mix  (Invitro-
en Corp.  Carlsbad,  CA,  USA).  A  reaction  mix  was
repared  by  adding  25  l 2×  reaction  mix  to  1  l
20 pmol/l)  of  forward  and  reverse  primers  that
mplify the  G  gene:  (forward  primer  hMPVG1F;  5′-
TGGARGYRARAGTRGAGAACATTCG-3′, nucleotide
osition 6247—6272,  and  reverse  primer  hMPVG1R;
′-CATGADCCAATTGCATTRGTYTCACT-3′, nucleotide
osition  7264—7239;  hMPV  isolate  00-1,  GenBank
ccession number  under  AF371337),  1 l  Super-
cript enzymeTM III  RT/Platinum® Taq  High  Fidelity
nzyme Mix,  17  l RNase-free  water  and  5  l  of
xtracted RNA,  with  total  reaction  volume  of  50  l.
he cycling  program  was  45 ◦C  for  30  min,  94 ◦C for
 min,  and  then  40  cycles  of  94 ◦C  for  20  s,  50 ◦C  for
0 s,  and  68 ◦C  for  40  s,  with  a ﬁnal  68 ◦C  extension
or 7  min,  using  the  GeneAmp® PCR  System  9700
Applied Biosystems).
The nested  PCR  step  was  carried  out  using
latinum® PCR  SuperMIX  High  Fidelity  (Invitrogen).
he reaction  mixture  was  prepared  by  adding
5 l  Platinum® PCR  SuperMIX  High  Fidelity  to  1  l
20 pmol/l)  of  each  of  the  forward  and  reverse
rimers for  the  G  gene:  (forward  primer  hMPVG2F;
′ ′
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Table  1  Demographic  data  of  hMPV-positive
patients.
No.  of  hMPV  +ve  Patients  (%)
Gender
Male  10  (48%)
Female  11  (52%)
Total 21  (100%)
Age
<2  years 14  (67%)
2—17  years 03  (14%)
18—60  years  —
>60  years  04  (19%)
Total  21  (100%)
Nationality
Kuwaiti  15  (71%)
Non-Kuwaiti  06  (29%)
Total  21  (100%)
Admission
ICU  17  (81%)
Wards  04  (19%)
N
T
i
u
H
S
T
K
G
n
s
i
a
p
i
o
r
[
R
P
s
T450  
water,  and  1  l  ﬁrst  RT-PCR  product,  with  total
reaction volume  of  50  l.  The  cycling  program  was
94 ◦C  for  2  min,  and  then  30  cycles  of  94 ◦C for
20 s,  50 ◦C  for  30  s,  and  68 ◦C  for  20  s,  with  a  ﬁnal
68 ◦C  extension  for  7 min  using  the  GeneAmp® PCR
System  9700  (Applied  Biosystems).
The nested  PCR  products  were  puriﬁed  and
directly sequenced  in  both  directions  using  the
ABI PRISM® BigDye® Terminator  Cycle  Sequenc-
ing v3.1  Ready  Reaction  kit  (Applied  Biosystems)
using ABI  genetic  analyzer  3130  (Applied  Biosys-
tems).  The  obtained  sequences  were  then  analyzed
for genotype  identiﬁcation  using  Basic  Local  Align-
ment Search  Tool  (BLAST)  alignment  from  GenBank
(http://www.ncbi.nlm.nih.gov/Blast.cgi)  and  com-
pared to  sequences  available  from  the  GenBank
database.
Phylogenetic analysis
Nucleotide-based  and  amino  acid-based  dendro-
grams  were  constructed  according  to  the  neighbor
joining  clustering  method  [26]  using  the  Molecu-
lar Evolutionary  Genetics  Analysis  (MEGA)  software
version  5  [27]. The  evolutionary  distances  for
nucleotide-based  dendrograms  were  computed
using the  Maximum  Composite  Likelihood  method
[28]  and  for  amino  acid-based  dendrograms  using
the JTT  matrix-based  method  [29].  Genotypes  were
assigned  according  to  the  clustering  with  known  ref-
erence sequences  by  selecting  representatives  of
distinct clusters  in  previous  and  published  studies
and selecting  isolates  from  GenBank  that  gave  the
best hits  in  BLAST  searches  with  each  of  the  Kuwaiti
clusters.
The GenBank  accession  numbers  for  the  hMPV
reference strains  included  in  the  analysis  for
each of  the  four  described  hMPV  genotypes  and
sub-types  (A1,  A2a,  A2b,  B1,  and  B2)  were  as
follows:  subgroup  A1,  AF371337;  subgroup  A2a,
NC 004148,  FJ168779,  and  AB503857;  subgroup
A2b, HG800604,  HG800606,  HG800607,  HG800608,
HG800614,  HG800616,  HG800617,  HG800618,
HG800620, HG800621,  HG800622,  HG800623  and
HG800624;  subgroup  B1,  AY525843;  and  subgroup
B2, HG800605,  HG800609,  HG800611,  HG800612,
HG800613, HG800615,  and  HG800619.  A  bootstrap
test with  1000  replicates  was  used  to  estimate
the conﬁdence  of  branching  patterns  in  the  trees
[30].  All  branches  showing  bootstrap  values  greater
than 50%  were  termed  statistically  signiﬁcant.
The nucleotide  and  amino  acid  sequences  of  the
G gene  were  aligned  using  Clustal  W  to  check
for percentage  similarity  between  the  circulating
strains and  the  reference  prototype  strains.
p
(
n
sTotal 21  (100%)
Admission (ICU = intensive care unit).
ucleotide sequence accession numbers
he  sequences  of  Kuwaiti  hMPV  strains  detected
n this  study  were  deposited  in  the  NCBI  database
nder GenBank  accession  numbers  HG800604  to
G800624.
election test analysis
he  analysis  of  evolutionary  selection  acting  on  our
uwaiti hMPV  strains  was  performed  by  Nei  and
ojobori’s  method  [31]. The  ratio  of  the  number  of
on-synonymous  substitutions  per  non-synonymous
ite (dN)  to  the  number  of  synonymous  substitut-
ons per  synonymous  site  (dS)  was  measured  as
n indicator  of  selective  pressure  acting  on  a
rotein-coding  gene.  A  dN/dS  ratio  greater  than  one
mplies positive  (diversifying)  selection,  less  than
ne implies  negative  (purifying)  selection,  and  a
atio of  one  indicates  neutral  (i.e.,  no)  selection
32].
esults
hylogenetic analysis of partial G gene
equences
he  demographic  data  of  the  21  hMPV-positive
atients  is shown  in  (Table  1).  Most  of  them
70%) were  detected  in  Kuwaitis  and  (30%)  in
on-Kuwaitis. The  percentage  of  hMPV  nucleotide
equence similarity  between  all  Kuwaiti  strains
Phylogenetic  analysis  of  hMPV  451
 HMPV/78R/2009 /KWT
 HMPV/1062 R/200 9/KWT
 HMPV/1625 R/200 9/KWT
 HMPV/16 80R/2009 /KWT
 HMPV/223 6F/2009 /KWT
 KOL/14 46/08 /20 10/IND /HQ59 920 9
 HMPV/2663 R/20 09/KWT
 HMPV/148 7R/2009 /KWT
 C09 10-106 3-A/20 13/CAN/KF178 995
 H06 07-127- A/201 3/CAN/KF1789 64
 HMPV /1949 R/20 09/KWT
 HMPV /2342 R/20 09/KWT
 A2b /AUS/13 424 9451 /2003 /2013 /USA /KC56 224 0
 A2b /BJ18 87/20 06/CHN /DQ84 365 9
 A2b /AUS/13 387 8351 /2003 /2013 /USA/KC56 223 3
 TJ06-0 8/2012 /CHN/JQ68 939 1
 A2b /HMPVgz01 /2009 /CHN /GQ1536 51
 HMPV /492 F/201 1/KWT
 HMPV/PUN E/NIV10637 87/10 /2013 /IND
 HMPV/703 R/20 11/KWT
 HMPV /324 R/201 1/KWT
 HMPV/40 9R/2011 /KWT
 A2a/CAN97-83 /2003 /USA/AY29 774 9
 A2a /Jpn03-1 /2009 /JPN/AB503 857
 A2a/NL/00/17/20 08/NLD/FJ168 779
 A1/AUS/15 0229 278 /2003 /20 13/USA /KC56 222 6
 A1/00-1 /2001 /NLD/AF3713 37
 A1/AUS/145 3712 95/20 03/201 2/USA/KC403 977
 A1/USA/TN-82-51 8/1982 /2012 /USA/KC40397 3
 HMPV/113 3F/20 09/KWT
 B1/USA /C1-3 34/200 4/201 3/USA/KC5622 42
 B1/AUS/13 3875 417 /2003 /20 13/USA /KF530 179
 B1/AUS/15914 853 4/2004 /2013 /USA/KC56223 0
 B1/NL/1/99 /2008 /NLD/AY525 843
 B2/CAN98-75 /20 03/USA /AY29 774 8
 MPVARG1-0 9/2012 /ARG/KC2100 78
 MPV ARG4-09 /2012 /ARG/KC2100 83
 HMPV/12 85F/2009 /KWT
 HMPV /PUNE/NIV093 048 4/09/201 3/IND/KC731 497
 HMPV/337R/2009 /KWT
 B2/USA /TN-8 3-121 1/1983 /2013 /USA/KC56224 4
 B2/NL/94/01/20 08/NLD/FJ168 778
 B2/BJ1816 /20 06/CHN /DQ84365 8
 B2/AUS/1724 378 91/200 4/201 3/USA/KC5622 31
 HMPV /976 R/20 09/KWT
 HMPV /Athe ns.GRC /248 .08/2012 /GRC/JQ51 348 0
 HMPV/18 86F/2009 /KWT
 HMPV /Athe ns.GRC /281 .06/201 2/GRC/JQ51346 8
 HMPV/1322 F/200 9/KWT
 HMPV/1435 R/200 9/KWT
 HMPV/15 44R/2009 /KWT60
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Figure  1  Phylogenetic  analysis  of  a  321-bp  fragment  of  the  hMPV  G  gene.  The  percentage  of  replicate  trees  in  which
the  associated  taxa  clustered  together  in  the  bootstrap  test  (1000  replicates)  are  shown  next  to  the  branches.  Branches
corresponding  to  partitions  reproduced  in  less  than  50%  bootstrap  replicates  are  collapsed.  The  evolutionary  history
was  inferred  using  the  neighbor-joining  method.  Each  hMPV  reference  sequence  is  labeled  with  its  corresponding
subtype  followed  by  its  GenBank  accession  number.  The  hMPV  types  and  subtypes  are  also  indicated  at  the  right  of  the
tree.  The  black  circles  next  to  the  taxa  represent  sequences  from  this  study.  The  scale  bar  represents  the  number  of
base  substitutions  per  site.
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ranged  from  54%  to  100%,  and  showed  that  the  hMPV
sequences  clustered  into  two  main  clusters,  A2b,
and B2  (Fig.  1).  Of  the  21  strains,  13  (62%)  were
grouped in  the  A2b  subtype  (identity  percentage
between A2b  Kuwaiti  strains  was  from  89  to  100%),
seven (33%)  in  the  B2  subtype  (identity  percent-
age was  from  91  to  100%),  and  one  (5%)  in  the  B
genotype.  A1  and  B1  subtypes  were  not  detected.
The nucleotide  genetic  distance  between  and
within clades  showed  that  the  A2b  clade  is
slightly distant  from  B2  clade  (0.11  vs  0.09).
The within-nucleotide  genetic  distance  showed
that clade  A2  is  more  heterogeneous  than  oth-
ers (0.00—0.11).  Furthermore,  in  the  subtype  A2b,
six (28%)  hMPV  strains  clustered  together  with  a
strain from  India  detected  in  2010  (KOL/1446/08),
showing 98—99%  homology  at  the  nucleotide
level, one  (5%)  showed  100%  nucleotide  homol-
ogy with  a  strain  from  Canada  detected  in  2013
(C0910/1063-A), two  (10%)  were  grouped  with
another  strain  from  Canada  detected  in  2013
(H0607/127-A), showing  98%  nucleotide  homology,
and  four  (19%)  clustered  together  with  a  strain  from
India detected  in  2013  (PUNE/NIV1063787/10),
showing 95—99%  nucleotide  homology  (Table  2).
Furthermore,  one  (5%)  hMPV  strain  of  genotype
B (HMPV/1133F/2009/KWT)  was  phylogenetically
distant from  B1  and  B2  clusters.  In  the  B2
sub-lineage, two  (10%)  hMPV  strains  formed
a cluster  with  a  strain  from  India  detected
in 2013  (PUNE/NIV0930484/09),  showing  98—99%
nucleotide  homology,  one  (5%)  was  grouped  with
a strain  from  Greece  reported  in  2012  (Athens.
GRC/248.08)  showing  99%  nucleotide  homology,
and four  (19%)  were  clustered  together  with  a
strain  from  Greece  detected  in  2012  (Athens.
GRC/281.06),  showing  98—99%  nucleotide  homol-
ogy (Table  2).
The hMPV  identity  percentage  based  on  the  anal-
ysis of the  amino  acid  sequences  deduced  from  the
partial nucleotide  sequence  of  the  G  gene  ranged
from  99%  to  100%.  The  identity  percentage  of  the
A2b subtype  was  100%,  and  the  B2  subtype  was
99% (Fig.  2).  The  amino  acid  distance  between  and
within clades  showed  that  the  A2b  clade  is slightly
distant from  the  B2  clade  (0.21  vs  0.17).  Clus-
tering of  hMPV  A2b  strains  based  on  amino  acid
analysis showed  homology  with  reference  strains
different  from  those  described  above  using  the  par-
tial nucleotide  sequence  of  the  G  gene.  Six  (28%)  of
our isolates  clustered  together  with  a  strain  from
Canada  detected  in  2013  (C0910/1063-A),  show-
ing 95—100%  homology,  one  (5%)  clustered  with  a
strain  from  India  detected  in  2010  (KOL/1446L08),
showing 99%  homology,  two  (10%)  clustered  with
another  strain  from  Canada  detected  in  2013
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H0607/127-A),  showing  96%  homology,  one  (5%)
lustered  with  a  strain  from  India  detected  in
013 (PUNE/NIV1063787/10),  showing  98%  homol-
gy, and  three  (14%)  clustered  with  a  strain  from
hina detected  in  2012  (TJ06-08),  showing  95—99%
omology.  However,  in  the  genotype  B  group,  our
uwaiti  strains  clustered  with  the  same  strains
entioned above  using  the  nucleotide  analysis,
ith slight  differences  in  the  homology  percentage
Fig.  2).  The  dN/dS  ratio  values  of  the  G  pro-
ein of  Kuwaiti  strains  ranged  from  0.400  to  0.740,
nd these  values  showed  the  presence  of  negative
elective pressure,  suggesting  that  they  evolved
hrough  negative  puriﬁcation  and  stabilizing  selec-
ion on  the  G  protein  (Table  3).
Interestingly, in  the  year  2009,  both  subtypes
2b and  B2  circulated.  Subtype  B2  was  predomi-
ant during  January  to  early  May,  and  subtype  A2b
as predominant  from  mid-May  to  late  June.  Five
f the  cases  of  hMPV  subtype  B2  were  detected  in
ve female  infants  aged  <2  years  who  were  admit-
ed to  the  ICU  and  presented  with  severe  LRTIs
uch as  pneumonia,  bronchopneumonia,  bronchioli-
is, and  acute  exacerbation  of bronchial  asthma.
hree  of  the  infants  were  Kuwaitis,  one  was  Egyp-
ian, and  one  Sri  Lankan  (Table  4).  The  other  two
MPV strains  with  genotype  B2  were  detected  in
uwaiti patients  aged  >60  years  who  suffered  from
neumonia.  On  the  other  hand,  out  of  13  subtype
2b strains,  nine  were  detected  in  Kuwaitis,  two
n Indians,  one  in  a  Saudi,  and  one  in  an  Egyptian;
0 of  the  patients  were  infants  aged  <2  years,  one
as aged  11  years,  and  two  were  aged  >60  years,
0 presented  with  pneumonia,  two  presented  with
ronchopneumonia,  and  one  with  respiratory  dis-
ress, and  they  were  all  in  the  ICU.  Additionally,
ne strain  was  referred  as  hMPV  genotype  B  but  did
ot cluster  with  known  strains;  it  was  detected  in
 child  aged  two  years  from  the  ICU  suffering  from
ronchopneumonia.
iscussion
MPV  is  the  second  cause  of  RTIs  after  Rhinovirus
HRV) among  hospitalized  patients  in  Kuwait,  and
t is  detected  among  all  age  groups,  particularly
n young  children  and  the  elderly  [24,25].  A  phylo-
enetic  analysis  can  provide  better  understanding
f the  molecular  epidemiologic  features  of  hMPV,
s well  as  the  evolutionary  selection  of  this  virus
n terms  of  time  and  mode.  The  neighbor  join-
ng phylogenetic  analysis  of  the  21  Kuwaiti  G  gene
equences  showed  that  13  (62%)  were  grouped  in
he A  and  eight  (38%)  in  the  B  lineages,  suggesting  a
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Figure  2  Phylogenetic  analysis  of  107  amino  acids  of  the  hMPV  G  protein.  The  percentage  of  replicate  trees  in  which
the  associated  taxa  clustered  together  in  the  bootstrap  test  (1000  replicates)  are  shown  next  to  the  branches.  The
tree  is  drawn  to  scale,  with  branch  lengths  in  the  same  units  as  those  of  the  evolutionary  distances  used  to  infer  the
phylogenetic  tree.  The  evolutionary  distances  were  computed  using  the  JTT  matrix-based  method  and  are  in  the  units
of  the  number  of  amino  acid  substitutions  per  site.  The  scale  bar  represents  the  number  of  amino  acid  substitutions
per  site.  The  black  circles  next  to  the  taxa  represent  sequences  from  this  study.  Each  hMPV  reference  sequence  is
labeled  with  its  corresponding  subtype  followed  by  its  GenBank  accession  number.
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Table  2  The  nucleotide  sequence  homology  of  hMPV  Kuwaiti  strains  with  the  reference  strains.
Reference  strains  No.  of  Kuwaiti  strains  according  to
hMPV  genotypes  (%)
Total
A2b  B2
KOL/1446/08/2010/IND  6  (28%)  —  6  (28%)
H0607/127-A/2013/CAN  3  (14%)  —  3  (14%)
PUNE/NIV1063787/10/2013/IND  4  (19%)  2  (10%)  6  (28%)
Athens/248/08/2012/GRC  —  5  (24%)  5  (24%)
Total  13  (62%)  7  (33%)  20  (95%)a
Reference strains (hMPV/KOL/IND = Kolkata, India; hMPV/CAN = Montreal, Canada; hMPV/PUNE/IND = Pune, India;
hMPV/Athens/GRC = Athens, Greece).
a One strain referred as hMPV genotype B is not shown in the table.
Table  3  The  selective  pressure  test  of  Kuwaiti  hMPV  strains  according  to  their  genotypes.
HMPV  Genotype  Average  dS*  Average  dN**  dN/dS  Evolutionary  Selection
All  (A  &  B)  0.720  0.280  0.400  Negative
A  0.072  0.053  0.740  Negative
B  0.213  0.094  0.440  Negative
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odS* Number of synonymous substitutions per synonymous site.
dN** Number of nonsynonymous substitutions per non-synonym
slight  predominance  of  genotype  A  over  genotype  B.
HMPV group  A  is  generally  more  common  than  group
B [12,33—35].  In  addition,  hMPV  genotype  A2b  was
predominant  during  the  months  between  January
and  June,  whereas  hMPV  genotype  B2  peaked  in
April. This  variation  in  the  circulation  of  different
hMPV genotypes  and  the  replacement  of  the  pre-
dominant  genotype  was  reported  earlier  [36—38].
Some  studies  reported  that  hMPV  genotype  A
could be  more  pathogenic  than  genotype  B  by
causing more  severe  infections  [39,40], whereas
other studies  have  suggested  that  genotype  B  may
cause more  severe  illness  [41]. However,  in  our
study, it was  shown  that  all  hMPV-positive  patients
presented  with  severe  LRTIs  regardless  of  their
genotypes, which  was  consistent  with  a  group  of
studies  showing  no  correlation  between  different
hMPV genotypes  and  the  severity  of  illness  [42—44].
Global alignment  of  the  nucleotide  sequences
of our  Kuwaiti  strains  with  previously  published
sequences in  the  GenBank  database  showed  that
most of  our  strains  (57%)  were  closely  related  to
Indian strains,  followed  by  Greek  strains  (24%),  and
Canadian strains  (14%).  The  results  reﬂect  the  large
number of  expatriates  living  in  Kuwait,  accounting
for approximately  64%  of  the  total  Kuwaiti  popula-
tion, coming  from  all  over  the  world;  30%  of  them
were Indians  [45]. Interestingly,  one  of  hMPV  strains
was clustered  into  group  B  but  was  far  distinct  from
all other  Kuwaiti  and  reference  strains  of  geno-
types B1  and  B2,  suggesting  a  new  hMPV  subtype  or
p
a
cite.
ariant.  In  addition,  the  phylogenetic  analysis  indi-
ated that  some  sequences  have  enough  similarity
o form  one  cluster,  which  may  suggest  the  trans-
ission of  the  same  strain  between  ICU  patients.
ull hMPV  genome  sequencing  is  required  to  conﬁrm
hese results.
According  to  selective  pressure  analysis  of  the
artial  G  gene  of  our  hMPV  isolated  strains,  it
howed  that  they  are  evolving  through  purifying
nd stabilizing  selection,  indicating  that  this  G
ene region  coding  for  attachment  proteins  has
eached  genomic  stability  and  would  resist  the
ppearance  of  deleterious  mutations,  as  suggested
arlier  [46].  Moreover,  hMPV  genotype  A  had  a
ean dN/dS  value  (0.740)  greater  than  that  of
enotype  B  (0.440),  showing  that  hMPV  genotype
 undergoes  higher  selection  pressure  than  geno-
ype B,  supporting  other  studies  that  the  A2  subtype
hows  the  greatest  diversity  among  all  hMPV  sub-
ypes [21]. Furthermore,  the  nucleotide  identity
95—99%) among  our  hMPV-A  genotype  strains  was
ess than  that  of  the  B  genotype  (98—99%),  and  the
airwise distance  values  of  the  A  genotype  were
lightly  higher  (0.1)  than  that  of  the  B genotype
0.09), conﬁrming  again  the  genetic  diversity  of
MPV genotype  A.
In conclusion,  different  hMPV  subgroups  based
n G  gene  analysis  were  detected  among  our  hMPV-
ositive  respiratory  specimens.  The  phylogenetic
nalysis of  Kuwaiti  hMPV  strains  showed  the  co-
irculation  of  both  hMPV  genotypes  A  and  B,  and
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Table  4  Demographic  and  clinical  characteristics  of  hMPV-positive  patients  and  their  hMPV  strains  age  (d  =  day,  m  =  month,  y  =  year);  Gender  (F  =  female,  M  =  male);
Admission  (ICU  =  intensive  care  unit,  W  =  hospital  wards);  Clinical  diagnosis  (AEBA  =  acute  exacerbation  of  bronchial  asthma).
No.  Patient  no. Age  Gender  Nationality  Admission  Date  of
admission
Clinical  diagnosis hMPV
genotype
Reference  strain  with  the  highest  homology
1  1625  5  m F  Kuwaiti ICU  12.5.2009  Bronchopneumonia  A2b  KOL/1446/08/2010/IND/HQ599209
2  78  66  y F Kuwaiti ICU  06.1.2009  Pneumonia  A2b  KOL/1446/08/2010/IND/HQ599209
3  1062  13  d M Kuwaiti ICU  30.3.2009  Pneumonia  A2b  KOL/1446/08/2010/IND/HQ599209
4  1680  2  m M  Kuwaiti ICU  18.5.2009  Pneumonia  A2b  KOL/1446/08/2010/IND/HQ599209
5  2236  67  y M Saudi  ICU  14.6.2009  Pneumonia  A2b  KOL/1446/08/2010/IND/HQ599209
6  2663  2  m  M  Kuwaiti  ICU  29.6.2009  Bronchopneumonia  A2b  KOL/1446/08/2010/IND/HQ599209
7  1487  1  y  M  Kuwaiti  ICU  04.5.2009  Pneumonia  A2b  C0910-1063-A/2013/CAN/KF178995
8  1949  40  d  M  Kuwaiti  ICU  27.5.2009  Bronchopneumonia  A2b  H0607-127-A/2013/CAN/KF178964
9  2342  1.5  y  F  Kuwaiti  ICU  14.6.2009  Pneumonia  A2b  H0607-127-A/2013/CAN/KF178964
10  492  3  m  M  Indian  ICU  30.1.2011  Pneumonia  A2b  HMPV/PUNE/NIV1063787/10/2013/IND
11  703  10  m  M  Indian  W8  09.2.2011  Pneumonia  A2b  HMPV/PUNE/NIV1063787/10/2013/IND
12  324  11  y  F  Egypt  ICU  19.1.2011  Pneumonia  A2b  HMPV/PUNE/NIV1063787/10/2013/IND
13  409  2  m  M  Kuwaiti  W9  24.1.2011  Respiratory  distress  A2b  HMPV/PUNE/NIV1063787/10/2013/IND
14  1133  2  y  F  Kuwaiti  ICU  07.4.2009  Bronchopneumonia  B
15  1285  70  y  F  Kuwaiti  ICU  19.4.2009  Pneumonia  B2  HMPV/PUNE/NIV0930484/09/2013/IND/KC731497
16  337  67  y  M  Kuwaiti  ICU  25.1.2009  Pneumonia  B2  HMPV/PUNE/NIV0930484/09/2013/IND/KC731497
17  976  9  m  F  Sri  Lankan  W6  23.3.2009  Bronchopneumonia  B2  HMPV/Athens.GRC/248.08/2012/GRC/JQ513480
18  1886  1  y  F  Kuwaiti  W8  26.5.2009  Pneumonia  B2  HMPV/Athens.GRC/281.06/2012/GRC/JQ513468
19  1322  10  m  F  Egypt  ICU  21.4.2009  Bronchopneumonia  B2  HMPV/Athens.GRC/281.06/2012/GRC/JQ513468
20  1435  2  m  F  Kuwaiti  ICU  28.4.2009  Bronchiolitis  B2  HMPV/Athens.GRC/281.06/2012/GRC/JQ513468
21  1544  2  y  F  Kuwaiti  ICU  07.5.2009  AEBA  B2  HMPV/Athens.GRC/281.06/2012/GRC/JQ513468
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genotype  A2b  appears  to  predominate  during  the
study period.  This  is  the  ﬁrst  report  on  the  genetic
diversity of  the  G  gene  of  hMPV  strains  isolated  from
hospitalized  patients  with  respiratory  tract  infec-
tions in  Kuwait.
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